The relative importance of overweight after childhood and excess weight gain during adulthood remains unclear. In 39,909 male participants of the Health Professionals Follow-Up Study who were 40-75 years of age in 1986 and were followed until 2008, we documented 8,755 incident cases of obesity-related chronic diseases (type 2 diabetes mellitus, cardiovascular diseases, and colorectal, renal, pancreatic, and esophageal cancers). We calculated composite and cause-specific hazard ratios using a model that included body mass index (BMI; weight (kg)/height (m) 2 ) at 21 years of age, weight change since age 21 years, smoking, alcohol consumption, and family histories of myocardial infarction, colon cancer, and diabetes. Compared with a BMI at 21 years of 18.5-22.9, the composite hazard ratio for a BMI of 23-24.9 was 1.22 (95% confidence interval (CI): 1.16, 1.29), that for a BMI of 25.0-27.4 was 1.57 (95% CI: 1.48, 1.67), that for a BMI of 27.5-29.9 was 2.40 (95% CI: 2.17, 2.65), and that for a BMI ≥30.0 was 3.15 (95% CI: 2.76, 3.60). The composite hazard ratios for adult weight gain compared with a stable weight were 1.12 (95% CI: 1.03, 1.22) for a gain of 2.5-4.9 kg, 1.41 (95% CI: 1.31, 1.52) for a gain of 5-9.9 kg, 1.72 (95% CI: 1.59, 1.86) for a gain of 10-14.9 kg, and 2.45 (95% CI: 2.27, 2.63) for a gain ≥15 kg. Adiposity in early adulthood and adult weight gain were both associated with marked increases in the risk of major chronic diseases in middle-aged and older men, and these associations were already apparent at modest levels of overweight and weight gain. cardiovascular disease; diabetes mellitus; epidemiology; mortality; obesity Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease.
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The high and increasing prevalence of overweight and obesity in children and adolescents (1) is a major public health concern. Obesity in adolescence and early adulthood has been related to premature morbidity and mortality in adulthood (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . The health consequences of moderate overweight in early adulthood are less clear. Furthermore, most studies on obesity in adolescence have focused on all-cause mortality (2, 7-10) or a single disease (5, (12) (13) (14) as the outcome; few studies have evaluated the impact of excess adiposity in early adulthood on the incidence of a variety of chronic diseases while taking into account competing events (3, 15) .
To interpret the findings about adiposity in early adulthood and the risk of chronic diseases at older ages, it is important to consider how adult weight changes may modify this association. Data on the association between weight gain since adolescence and health outcomes in middle or older age are limited (9, 13, (16) (17) (18) (19) (20) (21) . Particularly, the relative importance of adiposity in early adulthood and adult weight gain for the onset of chronic diseases in middle and older age remains unclear.
We therefore prospectively evaluated the associations of adiposity in early adulthood and subsequent weight change with the incidence of chronic diseases in middle-aged and older men who were followed for 22 years. We studied major chronic diseases that have been consistently associated with adult obesity so that we could clearly distinguish the associations of moderate overweight and weight gain in early adulthood with those diseases.
METHODS

Study design and population
The Health Professional Follow-up Study is an ongoing prospective cohort study of 51,529 male dentists, optometrists, osteopaths, pharmacists, podiatrists, and veterinarians aged 40-75 years at baseline in 1986. The Human Subjects Committee of the Harvard School of Public Health approved this study, and all participants gave written consent.
At baseline, the men completed a questionnaire that collected information about their medical history, diet, and lifestyle factors. Information on medical history was updated via mailed questionnaires every second year. For the present analysis, we excluded 8,385 men who reported a history of one of the studied end points or any chronic disease at baseline that may be associated with either obesity or weight loss (2,148 with cancer, 1,605 with diabetes, 2,185 with cardiovascular disease (CVD), 2,403 with asthma or chronic obstructive pulmonary diseases, and 44 with renal failure). Furthermore, 5 men for whom we were missing date of death, 15 men for whom we were missing date of birth, and 3 men who were outside the baseline age range of 40-75 years were consecutively excluded. Of the remaining participants, 1,888 men were missing information on the initial questionnaires about recalled weight at 21 years of age and 1,283 men were missing information on weight change during the 5 years before baseline. These participants were excluded, as were 32 men who had a body mass index (BMI, defined as the weight in kilograms divided by the square of the height in meters) below 15 at 21 years of age and 9 men who had a BMI below 15 at the baseline of the study. After these exclusions, 39,909 men were included in the analysis. At study baseline, the participants reported their current height and weight, their recalled weight at 21 years of age, and the weight change that occurred in the 5 years before the study baseline. In a validation study among 123 participants, the Pearson correlation coefficient between self-reported weight and the mean of 2 standardized technician-measured weights was 0.97, and the mean self-reported weight was 1.06 kg (95% confidence interval (CI): 0.44, 1.71) lower than the measured weight (22) . BMI at the age of 21 years was calculated as the weight at 21 years in kilograms divided by the square of the height reported in 1986 in meters. We defined adult weight change as the change in weight between the age of 21 years and the baseline of the study in 1986.
The baseline questionnaire also included questions about whether the participants had first-degree family members with a history of diabetes, myocardial infarction, or colon cancer and about lifestyle factors, such as cigarette smoking and alcohol consumption. Participants were asked about their mean weekly time spent engaged in 8 recreational activities during the previous year (23). The total energy expended during physical activity was expressed in hours per week of metabolic equivalents. Participants reported their average consumption of approximately 130 foods and beverages during the previous year on a validated semiquantitative food frequency questionnaire (24).
Obesity-related diseases
As the primary end point of this study, we defined a composite outcome of the first occurrence of fatal or nonfatal chronic obesity-related disease. In this outcome variable, we included major chronic diseases that have been consistently associated with obesity: CVD (defined as myocardial infarction or stroke) (25) , type 2 diabetes mellitus (25, 26) , and certain cancers (cancers of the rectum, colon, kidney, pancreas, and esophagus) (25, 26) , as well as death from these diseases.
Every 2 years after the baseline of the study, participants were asked to report new diseases that had been diagnosed during the past 2 years on their follow-up questionnaires. Response rates for these questionnaires have been consistently 2 ) at 21 years of age, except for age at baseline in participants younger than 50 years of age (P = 0.514) and for MET h/wk in participants 65 years of age or older (P = 0.002) using analysis of variance F test. P < 0.001 for all categorical variables across categories of BMI at age 21 years, except for a family history of colon cancer (overall P = 0.086; for participants 50.0-64.9 years of age, P = 0.023), family history of diabetes (overall P = 0.140; for participants <50.0 years of age, P = 0.042), current smoking (overall P = 0.168; for participants 50.0-64.9 years of age, P = 0.002), and past smoking (overall P = 0.002; for participants ≥65.0 years of age, P = 0.005), using χ 2 test.
over 90%. We asked all men who reported incident diagnoses of CVD or cancer to confirm the report and provide permission to review their medical records. Study investigators who were unaware of the subjects' risk factor status reviewed the medical records to confirm the diagnoses. All men who reported a diagnosis of diabetes on any of the biennial followup questionnaires received a supplementary questionnaire about symptoms, diagnostic tests, and medication. Deaths during follow-up were reported by family members, coworkers, or postal authorities or were identified through the National Death Index (27, 28) . Physicians reviewed death certificates and hospital or pathology reports to classify individual causes of death and were unaware of participants' reported questionnaire results. A detailed description of definitions and confirmation of the diagnoses can be found in Web Appendix 1, available at http://aje.oxfordjournals.org/.
Statistical analysis BMI at 21 years of age was categorized according to the World Health Organization criteria, with 2 additional cutoff points at 23 and 27.5 as recommended by a World Health Organization expert consultation (29) . This allowed a detailed examination of the associations of BMI with the outcome parameters within the "normal weight" and "overweight" ranges (<18.5, 18.5-22.9 (reference category), 23.0-24.9, 25.0-27.4, 27.5-29.9, and ≥ 30.0). Adult weight change was calculated as the difference between the reported weight at the baseline of the study in 1986 and the recalled weight at the age of 21 years and was grouped into 7 categories, using stable weight (<2.5-kg weight change) as the reference category (other weight-change categories: <−5.0 kg (n = 1,779); −5.0 to −2.5 kg (n = 1,406); −2.4 to 2.4 kg (n = 7,298); 2.5 to 4.9 kg (n = 5,909); 5.0 to 9.9 kg (n = 9,823); 10.0 to 14.9 kg (n = 6,546); and ≥15.0 kg (n = 7,148)). We calculated age-standardized mean values and proportions of characteristics of the participants at the baseline of the study for categories of BMI at age 21 years and tested differences in baseline characteristics between BMI categories with 1-way analysis of variance for continuous variables and with χ 2 tests for categorical variables. Because participants could have suffered from multiple diseases, which could possibly result in competing risks, we studied a composite end point of the first occurrence of fatal or nonfatal diabetes, CVD, or obesity-related cancer. In addition, we studied the separate outcomes using cause-specific hazards, censoring on any prior event that was not the event of interest (30) . In these analyses of the causespecific hazards, only persons without any prior event were included in the separate outcome variables. For example, the participants who first experienced a diagnosis of diabetes and later during follow-up experienced a cardiovascular event were counted as cases in the cause-specific hazard of diabetes but were censored in the cause-specific hazard of CVDs.
Time of follow-up was defined as the number of months between the month of returning the baseline questionnaire in 1986 and the month during which the first major chronic obesity-related diseases was reported, the month of death, or the end of the follow-up on January 31, 2008, whichever occurred first. We calculated incidence rates with 95% confidence intervals for both the composite end point and the cause-specific outcomes. We performed Cox proportional hazards regression using age in months as the time scale and the month of baseline questionnaire return as the entry time to estimate the composite and cause-specific hazard ratios and 95% confidence intervals for categories of BMI at age 21 years and adult weight change as compared with the reference categories. We evaluated the proportionality of the hazards during time (i.e., age) by including an interaction term for the exposure variables with age and tested with the log likelihood ratio statistic whether inclusion of these interaction terms improved the fit of the models.
We evaluated potential confounding by cigarette smoking, alcohol consumption, physical activity level, family history of myocardial infarction, colon cancer and diabetes, and dietary factors at baseline (quintiles of energy-adjusted intake of cereal fiber, vegetables, fruit, ω-3 fatty acids, red meat, trans fat, and ratio of polyunsatured fat to saturated fat). In separate analyses, we mutually adjusted for BMI at age 21 years and adult weight change to examine their independent contributions. All analyses were also performed for all-cause mortality as the outcome.
To test for trends, we calculated the median values of BMI at 21 years of age within each category of BMI at 21 years and modeled these median values as a continuous variable in all models with BMI at 21 years. Similarly, we modeled the medians of weight change within each adult weight-change category as a continuous variable in all adult weight-change models. To minimize confounding by cigarette smoking, we also conducted the analyses in never smokers. To reduce the impact of potentially unintentional weight loss, we also conducted the analyses after excluding the weight change that occurred during the 5 years before baseline. In addition, we performed the analyses of weight change in 3 strata of BMI at 21 years of age (<20.0, 20.0-24.9, and ≥25.0). Finally, we examined joint associations of BMI at 21 years of age in 3 categories (18.5-22.9, 23-24.9, and ≥25; participants with a BMI <18.5 were excluded) and subsequent weight change in 4 categories (<−2.5 kg, −2.5 to 2.4 kg, 2.5 to 9.9 kg, and ≥10.0 kg). We used SAS software, version 9 (SAS Institute, Inc., Cary, North Carolina) for all analyses.
RESULTS
Participants had a mean age of 53.8 (standard deviation, 9.6) years, a mean BMI at age 21 years of 23.0 (standard deviation, 2.9), and a mean subsequent weight change of 7.9 (standard deviation, 8.8) kg. The baseline characteristics of the study population (in 1986) according to BMI at age 21 years are shown in Table 1 . Men who had a low BMI at 21 years of age were older and less physically active at baseline, whereas men who were overweight or obese at 21 years of age were more likely to be former smokers and to have a family history of myocardial infarction or diabetes. The mean adult weight gain was larger in men who had a lower BMI at 21 years of age. Nevertheless, overweight and obesity tended to track over time, with participants who had higher BMIs at baseline being in the highest categories of BMI at 21 years of age. Compared with participants who were younger at baseline, participants who were 50-65 years of age at Overweight, Weight Change, and Chronic Disease Risk 1357 baseline more often had a family history of disease, were more likely to be former smokers, and were less likely to be physically active at baseline (Table 1) . During a maximum of 22 years (726,084 person-years) of follow-up, we documented 2,970 incident cases of type 2 diabetes mellitus, 4,861 of CVD, and 1,741 of obesity-related cancers. In total, 793 men suffered from multiple events, 24 of whom experienced all 3 events. As a result, the composite end point included 8,755 first events. In the cause-specific analyses, we additionally censored 20 cases who reported 2 events in the same month of follow-up (i.e., it was unknown which of the events occurred first). Tables 2 and 3 show the incidence rates and hazard ratios of the composite end point and the cause-specific analyses according to BMI at 21 years of age and subsequent weight change. As compared with having a BMI of 18.5-22.9 at 21 years of age, having a BMI of 23 or higher was consistently associated with higher risks of all 3 chronic diseases: type 2 diabetes mellitus, CVD, and cancer (Table 2) . A weight gain of 2.5 kg or more during adulthood was associated with a higher risk of both type 2 diabetes mellitus and CVD, but the association between weight gain and obesity-related cancers was weaker (Table 3 ). For both BMI at age 21 years and adult weight gain, associations for type 2 diabetes were stronger than those for CVD or cancer. With regard to all-cause mortality, having a BMI at age 21 years of 25 or higher was associated with a higher risk than was having a BMI between 18.5 and 22.9. A weight gain of 10 kg or more was associated with a higher risk of all-cause mortality during follow-up as compared with having a stable weight throughout adulthood (Tables 2 and 3 ). Weight loss during adulthood was associated with lower risks of type 2 diabetes mellitus and cancer but not with lower risks of CVD and all-cause mortality (Table 3) . Results after stratification for BMI at 21 years of age are shown in Web Table 1 and described in Web Appendix 2.
After excluding the weight change that occurred during the 5 years before baseline, adult weight gain became more strongly associated with a higher risk of obesity-related cancer; hazard ratios were 1.16 (95% CI: 0.98, 1.37) for a weight gain of 10.0-14.9 kg and 1.46 (95% CI: 1.23, 1.73) for a weight gain of 15 kg or more as compared with having a stable weight. Associations between adult weight change and the other disease outcomes remained similar in this sensitivity analysis (data not shown). Restriction of the study population to never smokers (n = 18,319), additional adjustment for physical activity level and dietary factors at the baseline of the study, or exclusion of esophageal cancer from the composite outcome did not materially alter the results (data not shown). We evaluated the joint associations of BMI at the age of 21 years and adult weight change with the risk of chronic diseases ( Figure 1A) . First, we compared men with different BMIs at age 21 years who kept a stable weight throughout adulthood. As compared with a stable BMI between 18.5 and 22.9 throughout adulthood, a stable BMI of 23-24.9 was associated with a hazard ratio of 1.47 (95% CI: 1.27, 1.71) and a stable BMI of 25 or more was associated with a hazard ratio of 1.96 (95% CI: 1.69, 2.28). Second, we evaluated whether adult weight gain was associated with a higher risk of chronic disease even in men who had a low BMI at age 21 years. As compared with a stable low BMI (18.5-22.9) throughout adulthood, a weight gain of 2.5-9.9 kg was associated with a hazard ratio of 1.47 (95% CI: 1.30, 1.66), and a weight gain of more than 10 kg with a hazard ratio of 2.35 (95% CI: 2.09, 2.64) in men with a BMI of 18.5-22.9 at age 21 years. Third, we evaluated the combination of being overweight at 21 years of age and having a large weight gain.
As compared with men who had a stable low BMI (18.5-22.9) , men who had a BMI of 25 or more at 21 years of age and who gained more than 10 kg had a hazard ratio of 4.24 (95% CI: 3.73, 4.83). Overall, the relative importance of early weight and weight change differed by disease, with weight gain being more strongly associated with risk of type 2 diabetes mellitus and BMI in early adulthood more strongly associated with risk of cancers ( Figure 1B-D) . A stable low BMI was consistently associated with lowest risk of chronic diseases.
Because the studied associations differed by age (P < 0.001 for interaction), we also present the results stratified by baseline age (Figures 2-4) . Although it must be noted that the patterns of associations for BMI at age 21 years and adult weight change in relation to risk of chronic diseases were consistent in the different age groups, baseline age certainly influenced the magnitude of the observed associations. With regard to relative risks, hazard ratios for chronic diseases were generally greater in younger men than in older men (Figures 3 and 4) . However, the absolute incidence rates show that the excess incidence of the chronic diseases Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio. a Trend of linearity over weight-change categories was tested by modeling the median values of BMI of each category as continuous variable in all presented models (P < 0.001 for all models, except for age-adjusted model of obesity-related cancer, for which P = 0.009). Overweight, Weight Change, and Chronic Disease Risk 1359 related to higher BMI at 21 years of age and weight gain during adulthood was greatest in men older than 65 years at baseline ( Figure 2 ).
DISCUSSION
In the present large cohort study of men from the United States, moderate overweight in early adulthood and adult weight gain were substantially and independently associated with a higher risk of major chronic diseases, including type 2 diabetes mellitus, CVD (myocardial infarction and stroke), and cancers of the colon, rectum, kidney, pancreas, and esophagus during 22 years of follow-up. The relative importance of BMI in early adulthood and weight change appeared to differ by disease. Cancers were more strongly associated with BMI in early adulthood, whereas type 2 diabetes mellitus was more strongly associated with adult weight gain. Moderate overweight in early adulthood and adult weight gain were also associated with a higher risk of all-cause mortality. We furthermore observed that men who were lean at the age of 21 years and did not gain weight during adulthood consistently had the lowest risk of the composite outcome and the separate chronic diseases.
To evaluate the overall health impact of adiposity in early adulthood and weight change during adulthood, we used a composite outcome that included several major chronic diseases. Most other studies investigating associations of adiposity in adolescence or adult weight change were limited to 1 or a few health outcomes. Obesity in adolescence and early adulthood has been associated with increased risks of type 2 diabetes (13, 15), coronary heart disease (15, 17, (31) (32) (33) (34) (35) , and stroke (32). The health consequences of moderate overweight in early adulthood are less clear. A study of 3 historical cohorts in the United Kingdom reported no significant association of being overweight early in life with future ischemic heart disease and stroke, but that study included very few overweight participants (14) . The Harvard Growth Study investigated a variety of diseases related to being overweight in adolescence and reported higher risks of coronary heart disease and colorectal cancer in men (3) . Whereas the health effects of adult overweight have been controversial , and family history of myocardial infarction, colon cancer, and diabetes. , an adult weight change <−2.5 kg; , adult weight change of −2.4 to 2.4 kg; , adult weight change of 2.5 to 9.9 kg; and , adult weight change ≥10.0 kg. Participants with a BMI of 18.5-22.9 at 21 years of age who maintained a stable weight are the reference category. Bars, 95% confidence intervals.
(36, 37), 3 mega studies of prospective cohorts that each included approximately a million participants consistently showed that mortality risk was generally lowest with an adult BMI between 20 and 25 in white adults (38, 39) . Our results indicate that BMI values in early adulthood at the higher end of these ranges are already associated with substantially higher risks of morbidity and mortality as compared with lower BMI values. In our study, even modest adult weight gain was associated with higher risks of CVD and type 2 diabetes mellitus, with a particular strong association for diabetes. Large adult weight gain (more than 10-15 kg) was also associated with a higher risk of obesity-related cancers and all-cause mortality. These results are in agreement with those from previous studies, some in the same cohort, that showed that weight gain was associated with increased risks of coronary heart disease (11, (40) (41) (42) (43) , stroke (16, 41) , and most strongly type 2 diabetes mellitus (13, 19, 20) . Weight gain during adulthood has also been associated with increased risks of all-cause mortality (5, 11, 21) and mortality due to CVD (9, 18, 21) and certain cancers (9, 18, 21) . Our results are also consistent with those from a recent study that showed that coronary heart disease was more closely associated with adolescent BMI and that diabetes was mainly associated with having a high BMI close to the time of diagnosis (16) . This supports the hypothesis that processes that cause cancer and atherosclerosis are gradual, whereas the effects of adiposity on insulin resistance and type 2 diabetes may occur more rapidly.
We observed a lower risk of obesity-related diseases associated with a weight loss of 2.5 kg or more during adulthood compared with keeping a stable weight. This reduced risk was mainly due to a markedly lower risk of type 2 diabetes. A recent study showed that persons who were overweight or obese as children but who became nonobese as adults had cardiovascular risk profiles that were similar to those of persons who were never obese (44) . We, however, observed that weight loss during adulthood could not completely negate the excess risk of type 2 diabetes, CVD, or cancer in persons who were overweight in early adulthood.
The associations of BMI in early adulthood and subsequent weight change with risk of obesity-related diseases appeared to be modified by age, with higher relative risks in younger participants and higher incidence rates in participants who were older at baseline. Strengths of the present study include the large sample size, the prospective study design, the long follow-up period, and the high response rate during follow-up. . , an adult weight change <−2.5 kg; , adult weight change of −2.4 to 2.4 kg; , adult weight change of 2.5 to 9.9 kg; and , adult weight change ≥10.0 kg. Analyses excluded participants with a BMI less than 18.5 (n = 1,296). Obesity-related diseases included fatal or nonfatal type 2 diabetes, cardiovascular diseases, or obesity-related cancer (colorectal, renal, pancreatic, and esophageal cancers). Bars, 95% confidence intervals.
Our study also has several potential limitations that need to be considered. First, our analyses relied on self-reported and recalled weight instead of measured weight. Validation studies in this cohort and other cohorts, however, have shown high accuracy of self-reported and recalled weight as compared with measured weight (22, (45) (46) (47) . The tendency to slightly underreport body weight may have resulted in some overestimation of disease risks in the higher BMI categories in our study (48) . However, because underreporting of body weight occurs mainly in obese men (48) , this may not have affected our results in the nonobese categories. Second, we were not able to adjust for lifestyle variables at 21 years of age. Adjustment for lifestyle at baseline did not appreciably change the results, but we cannot fully exclude the possibility of residual confounding due to effects of lifestyle at age 21 that are independent of lifestyle at baseline. Third, BMI is not a perfect measure of adiposity because it also reflects variation in lean body mass. In particular, adult weight loss until the baseline of our study may have been affected by poor health (49) . Not considering the weight change that occurred during the 5 years before baseline did not materially change the associations between weight change and the combined obesity-related diseases, whereas the association for obesity-related cancers even became stronger. Fourth, between participants, there was a substantial difference in the number of years between age 21 years and the baseline of the study. However, our results were essentially the same for younger and older men. Hence, our study provides information of the impact of adiposity on future morbidity and mortality in men who reach middle age. Finally, our study population included men who were predominantly white, and our findings thus require confirmation in women and in other ethnic groups. Overweight in childhood and adolescence often continues into adulthood (1, 50, 51) and is associated with cardiovascular risk factors (10, (52) (53) (54) . The full impact of the current increase in prevalence of childhood obesity can be expected to only become evident decades later with a high incidence of chronic disease and reduced life expectancy (55) .
Our results indicate that weight management in adulthood should not be restricted to high-risk groups with obesity but should also target persons who are modestly overweight. Our results furthermore imply that weight management in adulthood may be more effective for reducing the risk of type 2 diabetes mellitus but that for the risk of cancer in men, BMI in early adulthood is more important than subsequent weight change. For the reduction of the overall risk of chronic diseases, our results underscore the pivotal importance of prevention of excess weight gain in both adolescence and adulthood. 
